A nterior cruciate ligament (ACL) reconstruction techniques have improved over the past several decades. Despite these improvements, some patients with normal anterior stability complain of rotational instability or a feeling of "giving way" after ACL reconstruction. [1] [2] [3] [4] [5] Moreover, several studies have reported a high incidence of osteoarthritis after successful ACL reconstruction. 6, 7 Some recent biomechanical studies have indicated that single-bundle ACL reconstruction using a low femoral tunnel restores anterior and rotational stabilities to levels similar to that of double bundle ACL reconstruction, which suggests that a low femoral tunnel offers a better approach to ACL reconstruction. [8] [9] [10] [11] However, other studies found no signifi cant advantage for the low femoral tunnel approach versus the high tunnel approach with regard to objective stability. 12, 13 Accordingly, no consensus has been reached as to whether the low femoral tunnel technique provides better knee stability, and no prospective comparative study has been performed on the intraoperative stabilities using these 2 surgical approaches.
Recently, use of computer navigation has improved ACL reconstruction results. [14] [15] [16] [17] [18] Moreover, it has been used for the evaluation of knee stability in ACL reconstruction and total knee arthroplasty. In several pilot studies, a computer navigation system also provided an accurate evaluation of knee kinematics, including anteroposterior translation and internal-external rotation of the tibia in different knee conditions. [19] [20] [21] Our hypothesis was that a low femoral tunnel position during ACL reconstruction would provide better intraoperative stability than a high femoral tunnel position. Therefore, we performed this prospective comparative study to evaluate and compare the intraoperative stabilities using the low and high femoral tunnel techniques. This study evaluated and compared the intraoperative stabilities using the low and high femoral tunnel techniques in ACL reconstruction. Seventy patients who underwent ACL reconstruction were equally allocated to low or high femoral tunnel groups (35 in the low femoral tunnel group and 35 in the high femoral tunnel group) for this study. The authors compared intraoperative anterior, internal rotational, and external rotational stabilities at 0°, 30°, 60°, and 90° of knee fl exion using a navigation system after reconstruction. The low femoral tunnel group showed signifi cantly better intraoperative internal rotational stability at 0° and 30° of fl exion than the high tunnel group; however, no signifi cant intergroup differences were found for anterior and external rotational stabilities at any fl exion angle. These fi ndings suggested that the low femoral tunnel group showed better internal rotational stability at time zero condition during ACL reconstruction than the high femoral tunnel group, but anterior and external rotational stabilities were similar. However, to determine whether these results may affect clinical results, further studies based on more accurate measurement of rotational stability in clinical settings are needed.
MATERIALS AND METHODS
Only patients with primary ACL reconstruction were included for this study. Patients with an associated ligament injury or a degenerative change greater than grade III on radiologic assessment were excluded. The 70 patients were allocated in an alternating manner equally to the low femoral tunnel or the high femoral tunnel groups (35 in the low femoral tunnel group and 35 in the high femoral tunnel group).
Average time from injury to reconstruction in the low femoral tunnel group was 3.8 months (range, 0.1-48 months). These patients included 27 men and 8 women of average age of 29.8 years at surgery (range, 18-45 years). Average time from injury to reconstruction in the high femoral tunnel group was 3.4 months (range, 0.1-37 months), and there were 26 men and 9 women of average age of 33.1 years at surgery (range, 18-64 years). In terms of combined meniscus injury, 11 patients in the low femoral group had a medial meniscus injury; 6 were repaired using the "inside to out" technique; the remaining 5 were treated by partial meniscectomy. In addition, 4 patients had a lateral meniscus injury and all were treated by partial meniscectomy. In the high femoral group, 7 patients had a medial meniscus injury; 3 were repaired using the "inside to out" technique and the remaining 4 were treated with partial meniscectomy. The 6 lateral meniscus injuries in the high femoral group were treated with partial meniscectomy. Time from injury to surgery, age at surgery, gender, and frequency of meniscectomy were not signifi cantly different in the 2 groups (Table 1) .
Arthroscopic ACL reconstructions were performed by 1 surgeon using an EndoButton CL (Smith & Nephew, Andover, Massachusetts) for femoral side fi xation and a bioabsorbable interference screw (Linvatec, Largo, Florida) and staple for tibial side fi xation.
We used a tibialis anterior allograft (8-9 mm) in all cases for ACL reconstruction. The graft was passed through an Endobutton and the free ends of the graft were prepared with whipstitch sutures. After creating the tibial tunnel using a drill guide within the center of the ACL insertion, femoral tunnels were then located at the 10-o'clock (or 2-o'clock) position for the low femoral tunnel group and at the 11-o'clock (or 1-o'clock) position for the high femoral tunnel group through an accessory anteromedial portal. Grafts were fi xed on the tibial side at 10º of fl exion with a bioabsorbable interference screw and a staple under a tension force of 40 N.
A computer navigation system (OrthoPilot; B. Braun Aesculap, Tuttlingen, Germany) was used for stability testing at 0Њ, 30Њ, 60Њ, and 90Њ of knee fl exion. 15, 22 Anterior translations were measured under 100 N of anterior load on the proximal tibia using a spring scale before reconstruction and again after complete graft fi xation. Internal and external rotations of the tibia before reconstruction and after complete graft fi xation were determined under 10 N·m of torque using a torque wrench. The 2 groups were compared with respect to anterior translations and internal and external rotations before and after reconstruction at each fl exion angle.
For statistical analysis, we used SPSS software (SPSS for Windows Release 17.0; SPSS Inc, Chicago, Illinois). The Student t test was used to compare stability between 2 groups, and signifi cance was accepted at the 95% level.
RESULTS
The mean anterior translations and the internal and external rotations before reconstruction showed no differences between 2 groups at all fl exion angles (PϾ.05) ( Table 2 ). The mean anterior translations signifi cantly improved after both reconstructions at all fl exion angles (PϽ.05) ( Table 2) without showing any signifi cant intergroup difference. 
■ Feature Article
Anterior translation after reconstruction at 30° of knee fl exion was 5.2Ϯ1.8 mm in the low tunnel group and 6.2Ϯ1.6 mm in the high tunnel group (Pϭ.08) ( Table 2) . Tibial external and internal rotations improved signifi cantly in both groups after reconstruction. Although no differences between the 2 groups were found between tibial external rotations at all fl exion angles, tibial internal rotations were better in the low tunnel group at 0Њ and 30Њ of knee fl exion (Table 2 ). Tibial internal rotations at 0Њ of knee fl exion were 10.5ЊϮ2.6Њ in the low tunnel group and 12.3ЊϮ3.6Њ in the high tunnel group, showing a signifi cant difference between the 2 groups (Pϭ.03). The tibial internal rotation at 30° also showed better results in the low tunnel group than in the high tunnel group (14.3ЊϮ2.8Њ vs 16.7ЊϮ3.9Њ, Pϭ.02) ( Table 2) .
DISCUSSION
In our study, we compared the intraoperative stabilities of patients who had undergone low or high femoral tunnel ACL reconstruction. Our results demonstrate that the low femoral tunnel group showed better intraoperative internal rotational stabilities at low fl exion angles (0Њ and 30Њ), but not in anterior or external rotational stabilities.
Recently, a navigation system has been introduced in ACL reconstruction for the improvement of tunnel placement. [14] [15] [16] [17] [18] Moreover, in cadaveric pilot studies, Colombet et al 19 showed that a computerassisted navigation system could be used to evaluate the kinematics and precise quantitative stability of the knee in different knee conditions. Concerning the clinical stability test using the OrthoPilot navigation system, Ishibashi et al 15 reported that double-bundle reconstruction was more effective for the reduction of anteroposterior translation and tibial rotation than anteromedial bundle or posterolateral bundle reconstruction.
Several previous biomechanical studies have recommended a low femoral tunnel for ACL reconstruction to restore knee kinematics, especially rotational kinematics, closer to those of intact knees. 9, 10, 23, 24 However, there have been no reports concerning the stability comparison between low and high femoral tunnel techniques. Our study found better internal rotational stability at 0Њ and 30Њ of fl exion during ACL reconstruction than in the high femoral tunnel group, but similar anterior and external rotational stabilities at all fl exion angles. Woo et al 25 concluded that the standard high femoral tunnel used for ACL reconstruction resists anterior tibial loading but that it is not suffi cient to control combined rotatory loads. Hence, several biomechanical studies have shown that the low femoral tunnel has some advantages over the high femoral tunnel in terms of rotational stability. Moreover, the effect of femoral tunnel position on in vivo stability and clinical outcomes continues to be debated. 23, 24 While Loh et al 23 reported better rotational stability in the low femoral tunnel technique than with the standard high femoral tunnel, Markolf et al 13 found no difference in stability after changing the position of the femoral tunnel by 1 hour (clockwise or counterclockwise) from the 11-o'clock position. The results of our in vivo study show that the intraoperative internal rotational stability at 0Њ and 30Њ of fl exion is signifi cantly better using the low femoral tunnel than the high femoral tunnel and that this stability is achieved without compromising anterior stability, which are results that are consistent with those of Scopp et al. 24 
CONCLUSION
In our study, the low femoral tunnel group showed better internal rotational stability at time zero condition during ACL reconstruction than did the high femoral tunnel group, but the 2 groups showed similar anterior and external rotational stabilities. However, to determine whether these results may affect clinical results, further studies based on more accurate measurement of rotational stability in clinical settings are needed.
